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 I 
摘 要 
钙离子（Ca2+）是细胞内普遍存在的第二信使，控制着细胞大部分的生理过
程。作为局域钙信号，puff 信号主要是由于内质网上同一集团内的 IP3R 通道协
同打开，释放钙离子形成的。Puff 信号不仅可以实现局域钙信号的功能也可以激
发全局信号钙波的产生。虽然 puff 信号已经被系统地研究，但是对于静息钙浓
度（[Ca2+]Basal）对 puff 动力学的调控机制还不是很清楚。 
本文我们主要建立了一个 puff 模型来讨论[Ca2+]Basal对 puff 动力学的影响。
模型主要包括一个双钙浓度的决定性方程和一个 IP3R 通道的随机性过程。我们
讨论了[Ca2+]Basal 对 puff 信号的统计学特性的影响。模型的结果显示，puff 的频
率和寿命随着[Ca2+]Basal的增加而增加。除此之外，我们发现了一个反常的结果：
puff 的幅值和打开的最大通道数随着[Ca2+]Basal的增加而减小。经过进一步的研究
发现，这一反常现象的产生主要由两方面原因造成。一方面是由于[Ca2+]Basal 的
增加，使 puff 频率增加从而减少了 puff 的恢复时间；另一方面是由于 blip 信号
的频率增加。Blip 信号的产生会导致通道处于抑制状态因而阻止相邻 puff 之间
的恢复过程。随着[Ca2+]Basal 的增加，更多的 blip 事件产生导致更多的通道处于
抑制状态，只有少数的通道可供打开形成 puff 信号。本文研究首次指出，blip 信
号对 puff 幅值有一种抑制效应。我们认为 blip 信号通过对 puff 信号的动力学调
制，对全局钙信号的产生有重要的影响。 
 
关键词：内质网；静息钙浓度；puff 信号；blip 信号；抑制效应 
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Abstract 
The calcium ions (Ca
2+
) act as a ubiquitous cellular messenger capable of 
regulating a wide variety of cellular processes. As local signals, calcium puffs arise 
from the concerted opening of a few nearby inositol 1,4,5-trisphospate receptor (IP3R) 
channels to release Ca
2+
 ions from the endoplasmic reticulum (ER). Puffs serve both 
local signaling functions and trigger global Ca
2+
 waves. Although Ca
2+
 puffs have 
been well studied, little is known about the modulation of cytosolic basal Ca
2+
 
concentration ([Ca
2+
]Basal) on puff dynamics.  
In this paper we consider a puff model consisting of a deterministic scheme for 
two-level [Ca
2+
] and a stochastic description for IP3R channels to study how the 
statistical properties of puffs are modulated by [Ca
2+
]Basal. Although the puff 
frequency and lifetime trivially increase with the increasing [Ca
2+
]Basal, an unexpected 
observation is that the puff amplitude and the maximum open channel number in puff 
show decreasing relationship with the increasing [Ca
2+
]Basal. The underlying dynamics 
are related not only to the increasing puff frequency which gives a shorter recovery 
time, but also to the increasing blip with only one channel open. We indicate that Ca
2+
 
blips cause the channels inhibited and prevent their recovery during inter-puff 
intervals. With increasing [Ca
2+
]Basal, more blips occur to generate more channels 
inhibited, leaving less channels available for puff events. This study shows that the 
blips may play some relevant roles in global Ca
2+
 waves through modulating puff 
dynamics. 
 
Key words: Endoplasmic reticulum; Basal Ca
2+
 concentration; Puff; Blip; Inhibition 
effect 
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